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57 ABSTRACT 
A piezoelectric element for incorporation in pressure, 
force or acceleration transducers, in which at least two 
piezoelectric flat plates loaded in shear mode are ar 
ranged on both sides of a central support and are re 
tained under compressive pre-tension by pressure distri 
bution members bearing externally on the piezoelectric 
plates; a compression form member provided with a 
location hole for the support, the piezoelectric plates 
and the pressure distribution members is fitted over the 
pressure distribution members by direct or indirect 
shrinking the pressure distribution members are prefera 
bly made of two exact fitting cylindrical segments trans 
mitting the tension forces evenly over the piezoelectric 
plates. 

17 Claims, 7 Drawing Figures 
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PIEZOELECTRICELEMENT FOR 
INCORPORATION IN PRESSURE, FORCE OR 

ACCELERATION TRANSDUCERS 

The present invention relates to a piezoelectric ele 
ment for incorporation in pressure, force or accelera 
tion transducers, with at least two flat piezoelectric 
plates loaded in shear mode, which are arranged on 
both sides of a central support and are retained under 
compressive pre-tension by two pressure distribution 
members bearing on the piezoelectric plates. 

In measurement engineering, piezoelectric elements 
have been used successfully for decades for measuring 
mechanical vibrations, forces and pressures, i.e., for 
measuring mechanical quantities. For this, the piezo 
electric elements are incorporated in acceleration or 
vibration or force or pressure transducer housing which 
are generally completely closed-off. These measure 
ment instruments are provided with suitable mounting 
members, surfaces for introducing the forces and mem 
branes on which the pressure acts, as well as with con 
nections for transmitting the measurement signal, so 
that they have completely different external shapes 
according to the purpose for which they are intended. 
However, in all cases it is important that the piezoelec 
tric element has the same task, namely of converting a 
mechanical force into a proportional electrical signal. In 
particular, attempts have been made repeatedly to cre 
ate a standard piezoelectric element which can be used 
for incorporation in all transducers for measuring me 
chanical quantities, but these attempts have hitherto not 
produced a piezoelectric element for a transducer 
which can be used universally, which can be mass-pro 
duced and which can be used for all of the aforemen 
tioned measurement instruments without considerable 
modifications. 

Thus, various piezoelectric transducer systems have 
become known, in particular for measuring accelera 
tion, which operate according to the shear principle. 
The arrangement according to German Offenlegungss 
chrift No. 27 12 359 comprises two rectangular piezo 
plates loaded in shear, which are arranged on both sides 
of a flat central plate and bearing, respectively, on 
which is a mass member in the form of a segment of a 
circle, the arrangement being held together by a spring 
ring. However, the thin support allows only a poor 
connection of the piezoelectric system to a transducer 
base plate with correspondingly low inherent fre 
quency. In addition, the circular spring ring, which is 
solely supported on the two segments, is too elastic to 
pre-tension the piezoelectric plates with a high contact 
pressure necessary for the transmission of high shearing 
forces, in particular if a piezoelectric element con 
structed in this way is intended to be used at relatively 
high temperatures. 
Transducer systems are also known, in which the 

mass segments, the piezoelectric plates and the support 
are provided with a bore, through which a screw is 
guided, which places the entire system under mechani 
cal pre-tension. Although an arrangement of this type 
has a very simple construction, it entails the drawback 
that the piezoelectric plates must be provided with 
bores, which substantially increases their susceptibility 
to cracks and also causes a danger of short-circuiting 
along the screw holes. 

In contrast thereto, it is an object of the present in 
vention to provide a piezoelectric element of the afore 
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2 
mentioned type, which completely retains its ability to 
function, even at, or in particular at high operating 
temperatures, and can thus be produced with great 
accuracy in an economical manner and is also suitable 
for universal incorporation in pressure, force and accel 
eration transducers. 
The present invention thus provides a piezoelectric 

element for a transducer which can be used universally 
and can be incorporated both in pressure, force as well 
as acceleration transducers and is particularly suitable 
for use at relatively high temperatures. Perfect non 
deforming crystal layers and very high uniform tension 
ing of the crystals as far as possible along a single axis 
are prerequisites particularly at temperatures of, for 
example, 600 C. These requirements are met by two 
pressure distribution members in the form of semicircu 
lar segments, which act on the piezoelectric plates with 
a uniformly distributed specific surface tension of, for 
example, 30 kp/mm2 or more, by means of a solid 
shrunk-on and stiff spring-shaped compression form 
member. Piezoelectric elements are thus produced 
which can be subjected to high thermal and mechanical 
stresses, which are clearly superior to cemented, 
soldered, or screwed-together arrangements or arrange 
ments clamped by spring rings. 
The invention also relates to the construction of mea 

surement instruments equipped with the piezoelectric 
element according to the present invention as more 
fully described hereinafter. 
These and other objects, features and advantages of 

the present invention will become more apparent from 
the following description when taken in conjunction 
with the accompanying drawing which shows, for pur 
poses of illustration only, several embodiments in accor 
dance with the present invention, and wherein: 

FIG. 1 is a longitudinal cross-sectional view of a 
piezoelectric element constructed according to the 
present invention, which is particularly suitable for 
incorporation in pressure transducers; 
FIG. 2 is a transverse cross-sectional view taken 

along line 2-2 of FIG. 1; 
FIG. 3 is a cross-sectional view serving to illustrate 

the construction and manufacture of pressure distribu 
tion members of the present invention; 
FIG. 4 is a longitudinal cross-sectional view through 

a preferred embodiment of a pressure transducer pro 
vided with a piezoelectric element according to the 
present invention; 
FIG. 5 is a longitudinal cross-sectional view through 

a preferred embodiment of an acceleration transducer 
with special shielding, provided with a modified piezo 
electric element according to the present invention; 
FIG. 6 is a transverse cross-sectional view taken 

along line 6-6 of FIG. 5; and 
FIG. 7 is a perspective, exploded partial view of a 

piezoelectric element constructed according to the 
present invention for measuring acceleration in three 
directions X, Y, Z of coordinates arranged at right 
angles to each other, in which the compression form 
member serves as a seismic mass. 

In general, the present invention utilizes flat piezo 
electric plates, i.e., plates machined flat since it has been 
found that flat piezoelectric plates and similarly ma 
chined contact surfaces are better suited for use attem 
peratures of more than 400° C. 

Referring now to the drawing wherein like reference 
numerals are used throughout the various views to 
designate like parts, the construction of a piezoelectric 
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element according to the present invention is illustrated 
in FIGS. 1, 2 and 3. A mounting part generally desig 
nated by reference numeral 1 preferably consists of a 
temperature-resistant Ni-alloy, for example, Nimonic, 
and comprises a cylindrical press-fit piston 2. As shown, 
a rectangular support 3 for the piezoelectric plates, 
which includes two opposed ground flat parallel bear 
ing surfaces 10, is formed on the press-fit piston 2, for 
example, by milling. The diameter d of a bore 9 pro 
vided in the center of the support 3 is of great signifi 
cance for producing the necessary elasticity and for 
ensuring the desired consistency of shape of the bearing 
surfaces 10 under different temperature conditions. At 
least one flat parallel piezoelectric plate 6 bearing 
against a respective bearing surface 10 serves as the 
piezoelectric element, which plate, upon the application 
of an axial shearing stress P (FIG. 1) sends negative or 
positive charges to the piezoelectric support 3, in a 
known manner, according to the direction of the force 
P. In the example illustrated, three piezoelectric plates 6 
are provided, between which electrodes 7 are inserted 
in a known manner. Normally, these electrodes are 
stamped out of thin metal foil and inserted at the time of 
assembly. However, in place of the metal foil, metal 
coatings can be applied directly to the piezoelectric 
plates 6. Experience has shown that the connecting 
methods adopted from semi-conductor technology, for 
use at high temperatures, are superior to inserted metal 
foils. Both piezo-ceramic as well as single crystals can 
be used as piezoelectric plates 6. Suitable single crystal 
materials are quartz crystal, tourmaline, lithium niobate, 
lithium tantalate and the like. The orientation of such 
crystal plates for axial shearing stress is known to a 
person skilled in the art. Therefore, it is not necessary to 
go into this in more detail. 
As illustrated, the arrangement described above also 

comprises two pressure distribution members 4, which 
are preferably formed by severing a bolt with the diam 
eter D, flattened according to FIG. 3, for example, by 
grinding at two diametrically opposed points, so that 
two substantially semi-circular segments 4 are pro 
duced. The diametral spacing of the two flattened areas 
has a suitable value B, which corresponds to the width 
of the piezoelectric plates 6. The bearing surfaces of the 
pressure distribution members 4 coming into contact 
with the piezoelectric plates 6 are also machined flat to 
a tolerance dimension T (FIG. 3). As shown in FIGS. 1 
and 2, a pressure distribution member 4 of this type is 
preferably located on the side of the respective piezo 
electric plate 6 remote from the support 3, so that the 
plate 6 is enclosed between two members 3 and 4. Ad 
vantageously, the pressure distribution members 4 are 
also provided with assembly bores 11 (only one is 
shown in FIG. 2), which make it possible to attach the 
piezoelectric plates 6 to the support 3 by way of the 
pressure distribution members 4, in which case a prede 
termined minimum pre-tension should be maintained. 
After this, the main dimension M which is important for 
the shrinkage operation to be described in detail herein 
after, can be taken on the arrangement pre-assembled in 
this way, along its relatively long main axis (FIG. 2). 
As shown in FIGS. 1 and 2, a compression form 

member 5 of solid structure which is substantially stiffin 
its spring characteristics, is provided with a preferably 
circular cross section, which can likewise consist of a 
temperature-resistant alloy, such as Nimonic or Inconel. 
The compression form member 5 is provided with a slot 
12 aligned centrally with respect to its main axes, hav 
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4. 
ing a central rectangular section A, with which sections 
13, 13" in the form of circular segments are flush on each 
side. For this purpose, a circular pre-formed blank can 
be clamped on a coordinate drilling machine and two 
bores each with the diameter D (FIG. 3) can be drilled 
respectively along a main axis of the pre-formed blank 
with a center-to-center spacing A, whereupon the re 
maining web between the bores is milled out or eroded 
to a width corresponding to the dimension D. Groups 
of compression form members 5 which have different 
tolerance dimensions M according to FIG. 2 are thus 
produced. 
As mentioned above, at the time of assembly, pre 

assembled arrangements each consisting of a mounting 
part 1, piezoelectric plates 6 and pressure distribution 
members 4 are selected in groups with a similar main 
dimension M and thereafter pairs of the pre-assembled 
arrangements and compression form members 5 with 
the described matched allowance for shrinkage are set 
up. Then a respective compression form member 5 is 
heated and placed over the corresponding pre-assem 
bled arrangement according to FIG. 2 and then cooled 
according to known methods of shrinkage techniques. 
After the equilization of temperature, a piezoelectric. 
element is produced, which, as a result of the high sur 
face pressure produced by the shrunk-on stiff spring 
shaped compression form member 5, is able to transmit 
high shearing forces over a wide range of temperatures. 
As a result of the construction of the compression form 
member according to the invention, as described above, 
a symmetrical transmission of forces to the pressure 
distribution members 4 is achieved, which distribute the 
tensile forces Z resulting from the shrinkage process, 
uniformly onto the piezoelectric plates 6 and the piezo 
electric support 3. The circle of forces is thus closed by 
the shortest route. For incorporation in pressure and 
force transducers, the compression form member 5 may 
advantageously be provided with an outer peripheral 
flange portion 8 (FIG. 1). 
FIG. 4 shows the incorporation of the piezoelectric 

element according to the present invention in a pressure 
transducer. The flange portion 8 of the compression 
form member 5 is thus clamped in known manner into 
the pressure transducer housing 20, for example, by a 
threaded ring screwed into the threaded bore. At its 
center, a membrane 25 which is attached or welded to 
one end of the housing 20 at 24, comprises a plunger 23, 
which is provided with an insulating layer 22 and is 
connected, for example, by a screw connection to the 
press-fit piston 2, which in this case is shortened and 
serves as a pressure transmission piston. Sprayed coat 
ings of metal oxides, for example, Al2O3 or MgO, which 
are sprayed onto the respective metal surfaces accord 
ing to known plasma or flame-spraying methods, are 
suitable as the insulation 22. 
The transmission of a signal from the piezoelectric 

support 3 takes place by means of an electrode 26 which 
leads to a connecting plug which is not shown. A pres 
sure transducer with a high inherent frequency results 
from the very rigid connection of the pressure transmis 
sion piston 2 to the compression form member 5. 
FIG. 5 shows one application of a piezoelectric ele 

ment according to the present invention in a fully 
shielded acceleration transducer whose base is insu 
lated. Transducers of this type may be used, for exam 
ple, for monitoring purposes in reactor plants, aeroplane 
and static turbines. FIG. 6 shows the piezoelectric ele 
ment provided in FIG. 5, in outline. 
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According to FIGS. 5 and 6, the press-fit piston 2 of 
the piezoelectric element according to the invention is 
provided with an insulating layer 30 and is shrunk into 
the transducer housing 31 according to known meth 
ods. The insulating layer may be applied, as described 
above in conjunction with FIG. 4. After spraying-on 
the insulating layer 30, the press-fit piston 2 is ground to 
the shrinkage dimension. In contrast to the embodiment 
according to FIGS. 1 and 2, in this case, a shielding 
flange 32 extending horizontally outwards is formed on 
the mounting part in the region of the transition of the 
press-fit piston 2 to the piezoelectric support 3, to which 
shielding flange 32 a shielding hood 33 is attached, 
which completely covers the piezoelectric plates and 
associated parts towards the outside. Thus, the parts of 
the piezoelectric element carrying a charge are com 
pletely shielded with respect to the housing according 
to the principle of a Faraday cage. Magnetic and electri 
cal fields as well as potential differences between the 
transducer housing and the housing of a signal process 
ing device therefore have no effect on the measurement 
signal, so that transducers of this type can be installed in 
systems arranged close together, where large numbers 
of instrument leads and control leads are located side 
by-side. 
When using the piezoelectric element according to 

the present invention in acceleration transducers, the 
compression form member 5, which simultaneously 
represents the seismic mass, may advantageously con 
sist of a heavy metal alloy with a specific weight of 
approximately 20, instead of Nimonic with a specific 
weight of approximately 8.0. Above all, heavy metal 
alloys of this type have the drawback that in relatively 
high temperature ranges, they can transmit high com 
pressive forces, but only average tensile forces. There 
fore, for applications operating at temperatures above 
400 C., it is recommended to use a compression form 
member 5 according to FIG. 6 from a heavy metal 
alloy, a slot 52 also being introduced by milling at right 
angles to the longitudinal direction of the slot in the 
compression form member 5, with a width W and up to 
a residual depth L. Pre-assembly of the mounting part 1 
to the piezoelectric plates 6, electrodes 7 and pressure 
distribution members 4 can thus take place without 
additional assembly means, in that the slot 52 is opened 
somewhat with an assembly wedge 53, whereupon the 
compression form member 5 can be placed over the 
pressure distribution members 4. After checking the 
position of the piezoelectric plates and electrodes, the 
assembly wedge 53 is removed, whereupon the clamp 
ing effect holds the assembled unit together. After this, 
a suitable shrinkage ring 50, for example, consisting of 
Nimonic, is heated according to known methods of 
shrinkage technology and fitted by shrinkage. After 
this, the piezoelectric element is inserted into the trans 
ducer housing 31 once more according to known meth 
ods of shrinkage technology. After introducing a 
shielded signal cable 36 through a passage 35 in the 
flange 32 and connecting the signal cable 36 to the 
shrunk-on ring 50, the shielding hood 33 can be put into 
position. Then, the cable shield 39 is connected to the 
shielding hood 33, whereupon an outer housing cover 
34 is welded to the housing 31. A metal cable 38 is 
necessary for connecting a transducer shielded in this 
way and whose base is insulated, which metal cable 38 
is available on the market in various sizes. The prepared 
end of the cable is welded into a cable flange 37, which 
is in turn welded to the housing 31. 
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6 
However, it will be understood that the piezoelectric 

element according to the present invention can also be 
incorporated in an acceleration transducer without in 
sulation of its base. It is also possible to use a compres 
sion form member 5 without slit 52, as shown in FIG. 2. 
Suitable heavy metal alloys exist for temperature ranges 
of up to 400 C., whereas Nialloys should be used as the 
mass above this temperature, which has the result that 
smaller measurement signals or larger pick-up volumes 
result. 
FIG. 7 shows a further variation of the piezoelectric 

transducer element according to the invention. In place 
of the arrangements illustrated in FIGS. 1 and 5, in 
which all the piezoelectric plates are sensitive to shear 
ing forces in the axial or Z-direction of the transducer 
and where corresponding electrodes and connecting 
means are provided for adding the individual plate sig 
nals, other aims are pursued in FIG. 7. In the example 
illustrated, only two Z piezoelectric plates 6 bearing on 
the bearing surfaces 10, symmetrically with respect to 
the support 3, are provided, whereas two further plates 
60, which are likewise designed for shearing stress, are 
arranged turned through 90, so that they respond to 
forces in the X-direction. 

Furthermore, two further plates 61 are provided, 
which respond to pressure at right-angles to the surface 
of the plate. The electrodes and insulator plates neces 
sary for such an arrangement of plates are known to a 
person skilled in the art. After the assembly of this ar 
rangement, as described above, an acceleration trans 
ducer exists, which is sensitive along the three orthogo 
nal axes X, Y, Z with respect to the transducer and 
accordingly comprises three separate signal outputs. 
The latter, as well as the output electrodes, shielding 
and insulators are not shown in FIG. 7, since their ar 
rangement is known to a person skilled in the art. 
The piezoelectric transducer element according to 

the invention, which manages without screws and with 
out any adhesive, nevertheless achieves extremely high 
surface tensions, and thus provides new possibilities in 
the construction of piezoelectric measuring transducers. 
The simple symmetrical shape together with known 
machining methods facilitates the creation of high pre 
cision piezoelectric elements, which can be incorpo 
rated in an optimum manner for various applications. 
Serving as a basis is a compression column having a 
single axis, consisting respectively of two symmetrical 
piezoelectric arrangements and which is under high 
tension, which is completely incorporated in a disc 
shaped compression form member 5. This compression 
form member 5 serves two purposes: firstly, the provi 
sion of internal piezoelectric tension; secondly, when 
used in pressure and force transducers, for transmitting 
force and mounting, and in the case of acceleration 
transducers, as a seismic mass. When used as a seismic 
mass, it may consist of an alloyed steel or of a heavy 
metal alloy. The bore 9 should be dimensioned accord 
ingly, since a heavy metal alloy is substantially more 
rigid and has substantially less expansion than known Ni 
or Fe alloys. Matching of the elasticity and coefficient 
of expansion of the piezoelectric support 3, piezoelec 
tric plates 6 and pressure distribution members 4 to 
those of the compression form member 5 and if neces 
sary to the shrunk-on ring 50 takes place by calculation 
and experimentation, in particular as regards the neces 
sary shrinkage allowance, in this case, the diameter d of 
the bore 9 thus plays an important role. 



7 
Applications of the transducer element according to 

the present invention are a pressure-transducer and 
acceleration transducer. Use in a force transducer is 
possible in a similar manner. Variations where the pi 
ezoelectric element is provided in a simple manner in 
transducers whose bases are insulated or provided with 
a Faraday cage are also described herein. 

Starting from a basic concept and according to the 
principle of combination and optimization, the present 
invention provides a series of different possibilities 
which are new from the application point of view. 
While we have shown and described several embodi 

ments in accordance with the present invention, it is 
understood that the same is not limited thereto but is 
susceptible of numerous changes and modifications as 
known to those skilled in the art, and we therefore do 
not wish to be limited to the details shown and de 
scribed herein but intend to cover all such changes and 
modifications as are encompassed by the scope of the 
appended claims. 
We claim: 
1. A piezoelectric element for incorporation in pres 

sure, force or acceleration transducers comprising at 
least two piezoelectric flat plates loaded in shear mode 
and arranged on both sides of a central support means, 
the at least two piezoelectric flat plates being retained 
under compressive pre-tension by pressure distribution 
members bearing externally on the piezoelectric plates, 
and a substantially stiff spring-like compression means 
for applying forces to the subassembly consisting of the 
support means, piezoelectric plates and pressure distri 
bution members, the compression means including a 
compression form member having a non-circular slot 
disposed therein for receiving and retaining therein the 
subassembly, the compression form member being 
tightly fitted over the pressure distribution members. 

2. A piezoelectric element according to claim 1, 
wherein the compression form member is a substantially 
solid shrunk-fitted member. 

3. A piezoelectric element according to claim 1, 
wherein the compression means further includes a ring 
tightly fitted over the compression form member, the 
compression form member being a substantially solid 
member and further including an expansion slot therein. 

4. A piezoelectric element according to claim 3, 
wherein the ring is a shrunk-fitted ring extending over 
the compression form member. 

5. A piezoelectric element according to claims 1 or 3, 
wherein the non-circular slot in the compression form 
member has a rectangular section tangentially adjoining 
opposite ends of which are sections in the form of a part 
of a circle, which have a curvature adapted to the pres 
sure distribution members in the form of a circular seg 
nent. 

6. A piezoelectric element according to claim 5, 
wherein the pressure distribution members are made of 
two exact fitting cylindrical segments transmitting high 
tension forces substantially evenly over the piezoelec 
tric plates and have diametrically opposed flattened 
parallel regions, the non-circular slot extending substan 
tially in co-extension and centrally with respect to a 
main axis of the compression form member. 

7. A piezoelectric element according to claim 5, 
wherein the compression form member has a circular 
cross-section. 

8. A piezoelectric element for incorporation in pres 
Sure, force or acceleration transducers, with at least two 
piezoelectric flat plates loaded in shear mode, which are 
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8 
arranged on both sides of a central support means and 
are retained under compressive pre-tension by pressure 
distribution members bearing externally on the piezo 
electric plates, characterized by a solid and substantially 
stiffspring-shaped compression form member provided 
with a location opening for the arrangement consisting 
of the support means, piezoelectric plates and pressure 
distribution members, said compression form member 
being tightly fitted by shrinking over the pressure distri 
bution members, and the compression member includ 
ing an expansion slot and being fitted by shrinking on 
the pressure distribution members by means of a shrunk 
on ring. 

9. A piezoelectric element for incorporation in pres 
sure, force or acceleration transducers, with at least two 
piezoelectric flat plates loaded in shear mode, which are 
arranged on both sides of a central support means and 
are retained under compressive pre-tension by pressure 
distribution members bearing externally on the piezo 
electric plates, characterized by a solid and substantially 
stiffspring-shaped compression form member provided 
with a location opening for the arrangement consisting 
of the support means, piezoelectric plates and pressure 
distribution members, said compression form member 
being tightly fitted by shrinking over the pressure distri 
bution members, and the support means being a rectan 
gular block with a central bore whose diameter is pre 
determined to achieve an optimum adaptation of elastic 
1ty. 

10. A piezoelectric element for incorporation in pres 
sure, force or acceleration transducers, with an arrange 
ment of piezoelectric flat plates loaded in shear mode, 
which are arranged on both sides of a central support 
means and are retained under compressive pre-tension 
by pressure distribution members bearing externally on 
the piezoelectric plates, characterized by a solid and 
substantially stiff spring-shaped compression form 
member provided with a location opening for the ar 
rangement consisting of the support means, piezoelec 
tric plates and pressure distribution members, said com 
pression form member being tightly fitted by shrinking 
over the pressure distribution members, the arrange 
ment of piezoelectric plates consisting of at least one 
piezoelectric plate on each side of the support means 
with a response sensitivity in the shearing direction and 
one piezoelectric plate with a response sensitivity in a 
direction at right angle thereto, the piezoelectric plates 
being interconnected electrically with the interposition 
of electrodes so that acceleration forces can be mea 
sured in the directions of two coordinates at right angle 
to each other. 

11. A piezoelectric element for incorporation in pres 
sure, force or acceleration transducers, with at least two 
piezoelectric flat plates loaded in shear mode, which are 
arranged on both sides of a central support means and 
are retained under compressive pre-tension by pressure 
distrubution members bearing externally on the piezo 
electric plates, characterized by a solid and substantially 
stiffspring-shaped compression form member provided 
with a location opening for the arrangement consisting 
of the support means, piezoelectric plates and pressure 
distribution members, said compression form member 
being tightly fitted by shrinking over the pressure distri 
bution members, the location hole in the compression 
form member having a rectangular section tangentially 
adjoining ends of which are sections in the form of part 
of a circle, which have a curvature adapted to the pres 
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sure distribution members in the form of a circular seg 
ment. 

12. A piezoelectric element according to claim 9, 
characterized in that a press-fit piston is provided on the 
support means. 

13. A piezoelectric element according to claim 9, 
characterized in that formed between the support 
means and press-fit piston is an enlarged peripheral 
flange, to which a shielding hood for the electrical 
shielding of the arrangement consisting of the compres 
sion form member, the pressure distribution members, 
the piezoelectric plates and support means, can be at 
tached. 

14. A piezoelectric element according to claim 9, 
characterized in that the compression form member 
consists of a heavy metal alloy. 
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10 
15. A piezoelectric element according to claim 10, 

characterized by providing at least one further piezo 
electric plate on each side of the support with a re 
sponse sensitivity in a direction (Y) at right angles to the 
two aforementioned directions, for measuring accelera 
tion forces in three directions (X,Y,Z) of coordinates at 
right angles to each other. 

16. A piezoelectric element according to claim 11, 
characterized in that the pressure distribution members 
have diametrically opposed flattened parallel regions 
and that the location hole extends substantially in co 
extension and centrally with respect to a main axis of 
the compression form member. 

17. A piezoelectric element according to claim 11, 
characterized in that the compression form member has 
a circular cross section. 

k k k 


